Resistant cells of Pseudomonas aeruginosa ATCC 9027 which were grown in the presence of 1 mg of benzalkonium chloride (BC) per ml caused only a mild conjunctivitis when they were dropped onto the scratched corneas of rabbits. In contrast, cells of the BC-sensitive parent strain induced a severe keratoconjunctivitis. In addition, the BC-grown cells also had a reduced capacity to produce kidney infections in mice as compared to the parent strain. BC-grown cells acted as weak complex antigens which conferred slight protection against lethal doses of BC-grown cells. No cross-protection to cells of the parent strain occurred. The data indicate that growth in the presence of BC results in cells with reduced virulence.
In a previous study (1) , we reported the ability of a resistant strain of Pseudomonas aeruginosa to survive and multiply in the presence of high levels (1 mg/ml) of benzalkonium chloride (BC), a mixed alkyl quaternary ammonium compound (quat). Growth under these conditions resulted in unusual cultural, metabolic, and ultrastructural changes in the cells (3, 8) . BC and other quats are widely used as disinfectants and antimicrobial preservatives to prevent accidental bacterial contamination of multiple-dose parenteral and ophthalmic solutions. However, the contamination of solutions of quats by resistant species of the genus Pseudomonas has caused serious and fatal nosocomial infections (4) . Therefore, it was of interest to determine the effect of growth in BC upon the virulence of P. aeruginosa. The traumatized rabbit eye was selected as a model. The capacity of the BC-resistant and BC-sensitive strains to induce kidney infections in mice was also compared.
MATERIALS AND METHODS
Organism and growth. The BC-sensitive parent strain was P. aeruginosa ATCC 9027. This is the same strain that is designated for testing the efficacy of preservatives in sterile, multi-dose parenteral and ophthalmic drugs (13) . This strain will not grow in BC concentrations above 200 uig/ml. The BC-resistant strain was obtained by gradually increasing the BC concentrations as described previously (1) . Both sensitive and resistant strains were cultured in a Dglucose, Casamino Acids (Difco), expanded salts medium (2) . In the case of the resistant strain, BC (1 I Present address: Department of Biology, CIBA-GEIGY Ltd., CH 4002, Basel, Switzerland. mg/ml) was always Dresent in the growth medium, unless otherwise designated. Cultures of both strains were grown stationary at 30 C. Because of a long lag phase and a slower growth rate (3), the resistant strain was grown for 72 h (log phase), whereas the sensitive strain was grown for 24 h (log phase). After incubation, cells of both strains were then centrifuged, washed three times, and resuspended in sterile, 0.9% (wt/vol) NaCl solution (hereafter referred to as saline solution) and adjusted to various optical densities. Plate counts were made to determine the number of cells per milliliter in each suspension. These cell suspensions were used for all subsequent work.
Experimental infections. To compare the virulence of the BC-sensitive and BC-resistant strains for the traumatized eye, the corneas of albino, male rabbits, weighing approximately 3 kg, were anesthetized with 0.1 ml of a sterile, aqueous solution of 1% procaine HCl. After 15 min, the comeas were carefully scarified three times in parallel with a sterile 26-gauge needle. At this time, 0.1-ml volumes of each of the different cell suspensions were then carefully dropped onto the corneas. The concentrations of the BC-sensitive cell suspensions were 6 x 107 and 1.8 x 10' cells per 0.1 ml, whereas the cell suspensions of the BC-resistant strain had the following concentrations: 1.8 (Fig. la) . As a result, the eyelids were sealed together. After cleansing of the eyelids with cotton swabs soaked in saline solution, the eyelids were gently separated to reveal a definite corneal haze and a whitish infiltrate (Fig. lb) (Fig. lc) . These infections started to regress after 8 days and were almost completely resolved after 21 days. Little or no scarring or clouding of the corneas could be detected. Conversely, cells of the BC-resistant strain caused only a mild conjunctivitis in all four rabbits at an infecting dose of approximately 1.7 x 10' cells per eye (Table 1 and Fig. ld) . The use of lower concentrations of cells of the BC-resistant strain caused no discernible eye infection.
In another experiment, when resistant cells were grown in the absence of BC for 24 h, they retained the same reduced level of pathogenicity for the rabbit eye as cells grown in the presence of BC. Upon examination of the resist- ance level of these cells (see Materials and Methods), it was found that 95% of the colonies contained cells still capable of growing in the presence of 0.1% BC.
The virulence of the BC-sensitive and BCresistant strains was further compared by their capacity to infect groups of mice after i.v. injection. The mouse kidney is very susceptible to infection by gram-negative bacteria with initial lesions occurring in the renal cortex (6) .
The results presented in Fig. 2 show that the number of sensitive cells in the kidneys progressively increased throughout the course of the study and reached a peak at 17 days postinfection. Between this time (day 17) and the end of day 21, at which time the experiment was terminated, all of the animals succumbed to the infection. In contrast, the average number of viable BC-resistant cells rapidly decreased in the kidneys during the first 3 days postinfection and appeared to establish a mild infectioin (Fig.   2) . No Whether the decrease in virulence of the BC-resistant strain is the direct effect of still unspecified biochemical changes associated with the resistance mechanism, or is indirectly the effect of the altered metabolism of BCresistant cells, has not been defined. In addition, it is possible that the observed decrease in virulence was based on physical effects, resulting from cationic BC molecules strongly binding with the negatively charged cell envelope (7, 10) . It is important to note, however, that cells of the resistant strain, which were grown for 24 h in the absence of BC, also had a lowered disease-producing capacity for the rabbit eye, while also maintaining a high degree of resistance. This may be taken as an indication that attachment of high concentrations of BC molecules to the cell envelope does not play an important role in the reduced virulence of the organism, since the concentration of BC molecules should have been diluted during division. However, the possibility that low levels of cell envelope-attached BC molecules may affect the virulence of the organism cannot be excluded. We are currently comparing the BC-resistant and BC-sensitive strains with regard to their capacity for production of extracellular substances, such as vascular permeability factor (9) and collagenase (5), both of which are thought to be active in the pathogenesis of P. aeruginosa infections. The inability of cells of the BC-resistant strain to act as complex antigens and provide protection against lethal doses of the BC-sensitive strain suggests biochemical differences between the two strains. In this regard. the chemical compositions of the cell en- 
